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In previous communications it has been shown by  ThjStta 1 and  by Thj6tta 
and Avery  2's that  the bacillus of Pfeiffer needs for  its  growth  two  substances 
present in blood and in vegetable tissue.  One of these was designated as the "V" 
substance on account of its apparent similarity to the water-soluble vltamine B. 
This "V" substance was present  in laked rabbit blood in quantity sufficient to 
support the growth of Pfeiffer's bacillus in a dilution of 1:1,000.  It  could  with- 
stand boiling for short periods, but  was destroyed by autoclaving and was ad- 
sorbed by charcoal.  The other substance, which was called "X," was consider- 
ably more heat-stable than that first mentioned, as it was not destroyed by auto- 
claving at 120°C. for 30 minutes.  The "X" substance was shown to be present in 
solutions of crystalline hemoglobin and in plant tissue. 
The "V" substance was demonstrated in red blood cells, in watery extracts  of 
red blood cells, bacteria, yeast, tomatoes, peas, and beans.  Such extracts added to 
ordinary, broth would give an abundant growth of the Pfeiffer bacillus, provided 
the seeding was made from a blood broth culture.  If, however, a so called "V" 
culture (containing only the "V," not the "X" substance) was seeded into media 
containing only the "V" substance, no growth took place in the second transfer, 
thus showing that the "V" substance alone was not sufficient to maintain growth. 
A minute amount of autoclaved blood or blood extract added to this "V" culture 
would, however, suffice to support growth through an indefinite number of trans- 
fers,  although  the same amount of autoclaved blood by itself was incapable of 
maintaining growth. 
Thus it was evident that both of these substances were required for the growth 
of the Pfeiffer bacillus.  It was also shown that this organism was capable of grow- 
ing in absolutely blood-free media, such as phosphate solutions, containing pieces 
of sterile,  unheated  vegetable,  such  as  potato.  It  was  concluded  that  fresh 
vegetable tissue contained both the "X" and "V" substances. 
1 Thjrtta, Th., J. Exp. Med., 1921, xxxiii, 763. 
ThjStta, Th., and Avery, O. T., J. Exp. Med., 1921, xxxiv, 97. 
s Thj6tta, Th., and Avery, O. T., J. Exp. Med., 1921, xxxiv, 455. 
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In working further on the problem, Morgan and Avery  4 have shown that not 
only the so called hemoglobinophilic  bacteria, but also pneumococci and strepto- 
cocci, are very beneficially  affected by the substances in question.  The range of 
hydrogen ion concentration  within which growth can be initiated is extended, and, 
in the case of the pneumococcus, the growth curve is altered by the elimination 
of the so called "lag period" and by the lengthening of the period in which viable 
organisms exist in the culture. 
The present study was undertaken in the hope of throwing some 
light  upon  the  nature  of  the  so  called  "V"  substance.  Originally 
ThjStta and Avery considered this substance as similar in nature to 
the water-soluble vitamine B, since it showed reactions quite similar 
to those of this substance and could be extracted from sources that 
were known to be rich in vitamine B.  Now it is a  well known fact 
that the lack of vitamine B in certain animals will give rise to a distinct 
clinical picture.  It is  likewise known that  the  animal organism is 
unable to produce this vitamine for itself, but obtains what it requires 
from plant tissue.  If these substances  are identical, it should con- 
sequently  be  possible,  by  depriving  an  animal  of  vitamine  B,  to 
demonstrate  a  relation  between  the  absence  of vitamine B  in the 
tissues and the inability of the animal's blood to support  growth of 
Pfeiffer's bacillus. 
If the titer of the  so  called "V" substance  is  determined during 
feeding experiments with vitamine B-free diet,  this titer  should pro- 
gressively diminish if "V" and vitamine B are identical.  The clinical 
signs of polyneuritis can serve as the indicator of the lack of vitamine 
B.  That all traces of vitamine B have been exhausted by the animal 
organism, when the clinical signs of the lack of this substance set in, 
is not known for certain, nor is it known indeed whether the organism 
is entirely free from this substance at the time when the animals die 
from polyneuritis.  But  one  may consider  it  very  likely  that  the 
last trace of vitamine B  will be used by the nervous system of the 
animal, since that tissue suffers most from the lack of this substance. 
If the two substances are identical it might be possible to detect a 
decline in the titer of "V" substance in the blood at or about the time 
of onset of the clinical symptoms. 
4  Morgan, H. J., and Avery, 0. T., J. Exp. Med., 1923, xxxviii,  207. TIt.  Tttj  6TTA  673 
To  test  this  hypothesis  the  blood  of several normal  guinea  pigs, 
rabbits,  pigeons,  and  hens  was  titrated  several  times  and  the  fact 
determined  that  the  usual  content  of  "V"  substance  was  present. 
The animals  were then put  on  a  vitamine B-free diet consisting in 
part of ordinary food autoclaved at  130°C.  for 1 hour,  an  exposure 
ample to destroy all the "V" substance present in the food.  Most of 
the food consisted of dry rice.  Some fine white bread was given the 
pigeons and hens and these animals also received in certain instances 
a  small  amount  of cod liver oil  as  a  source of vitamine A.  When 
necessary the animals were fed with a stomach tube. 
At stated periods the blood of these animals was examined as to its 
"V" content.  Blood was taken from the heart in the case of the guinea 
pigs and rabbits,  from the wing vein in that of the pigeons and  hens, 
and faked with 20 parts of distilled water.  The titrations were made 
in  ordinary phosphate broth of pH  7.8,  and  the  tubes  were  seeded 
with a  24  hour  blood  broth  culture of the  Pfeiffer bacillus.  Read- 
ings  were made after 24 hours in the incubator. 
Pigeons and hens naturally are much better objects for this investi- 
gation than rabbits and guinea pigs, since they tolerate the  diet  far 
better and develop distinct symptoms of polyneuritis, whereas guinea 
pigs and rabbits soon lose appetite, and sicken and die at a relatively 
early period, without having shown any symptoms resembling those 
in the pigeons and hens.  The results with rabbits proved so indecisive 
on account of the early death of the animals that they will be omitted. 
Experiment  /.--The blood of two guinea pigs titrated for the heat-labile sub- 
stance "V" showed on two different occasions a titer of 1:800  and  i: 1,600 (all 
titrations  were made from 1:200 by halving each dose).  On October 11, 1921, 
the animals were put on the autoclaved diet and rice. During the experiment the 
following titrations of "V" were made. 
Oct.  22.  Titer 1:800. 
"  31.  "  1:800. 
Nov.  9.  "  1:800. 
During this time no typical symptoms of polyneuritis could be noted, but the 
the animals in the 3rd and 4th weeks were distinctly sick, lacking appetite, losing 
weight, and keeping very. quiet in their cage. On November 15, one of them was 
found dead, while the other died suddenly during a gavage some days later.  Blood 
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Although  this  experiment  can  hardly  be  said  to  be  conclusive  it 
shows that guinea pigs can live more than  1 month  on vitamine B-free 
diet without  a  reduction in the titer of the "V" substance as measured 
by  the  growth-promoting  action of its blood on Pfeiffer's bacillus. 
Experiment 2.--The bloods of two pigeons, a male and a female, were titrated 
as to their content of the "V" substance.  While on normal diet the titers were 
as follows: 
Feb. 20, 1923.  Titer 1:5,000. 
"  26, 1923.  "  1:5,000. 
"  27, 1923.  "  1:3,200. 
Mar.  3, 1923.  "  1:6,400. 
On March 6, the pigeons were put on a diet consisting only of dry rice and water. 
Mar. 12, 1923.  Titer 1:3,200. 
"  19, 1923.  "  1:6,400. 
From this date the pigeons received in addition to  the rice some fine white 
bread and peas long autoclaved. 
Apr. 9, 1923.  Titer 1: 6,400. 
On April 13, the male had a  typical attack of polyneuritis, dropping its head 
backwards, and it was not able to stand on its legs.  At 11 o'clock on that day it 
was given 10 cc. of yeast extract by stomach tube.  At 2 o'clock it was found walk- 
ing about in the cage apparently normal. 
On the next morning, it had another attack as marked as that the day before 
and  died.  Blood was  taken  from  the heart after death.  It showed a  titer of 
1 : 6,400. 
The female pigeon was fed by stomach tube from April 17 on, as it  had  com- 
pletely lost appetite.  The  nourishment  consisted of a  solution of sugar, some 
peptone, and Ringer's solution autoclaved at high temperature, and in addition 
a small quantity of cod liver oil.  The bird had already shown for some days very 
distinct symptoms of polyneuritis; it tumbled over in the cage, could  not take 
more than a few steps at a time or sit on a perch. 
Apr. 17.  Titer 1:6,400. 
"  19.  Died suddenly during the garage. 
Blood titer 1:3,200. 
The experiment shows that the clinical signs of vitamine B  inanition 
may be well developed without the titer of "V"  dropping  appreciably. 
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the titer  of "V"  decreasing from the normal.  The other bird  which 
succumbed  during  the  feeding  had  unmistakable  symptoms  of vita- 
mine lack. 
Experiment 3.--A hen was put on vitamine-free diet May 10,  1923.  Previously 
the "V" titer had been on several occasions 1:3,200. 
The hen appeared to be well for about 1 month, when it began to show signs of 
polyneuritis.  It could walk only with difficulty, showed a  tendency to lie down 
in its cage, and ate only very little.  When put on its legs it  could not  keep its 
balance.  Since it  had lost  much weight  in  the last  days of the  experiment it 
now received in addition to the rice 10 cc. per diem  of a mixture of cod liver oil, 
peptone,  glucose,  and Ringer's  salts.  This  was  given by  stomach tube.  On 
June 15, the hen had a typical attack of polyneuritic collapse.  The blood showed 
a "V"  titer  of 1: 3,200.  After the  bleeding  the hen was given 20 cc.  of yeast 
extract subcutaneously together with 10 cc. of saline solution.  Also it  was put 
on  a  vitamine  B-containing diet.  The  following day it had recovered, and ap- 
peared lively.  It still showed  the  po]yneuritic  manner  of walking.  On  June 
18, the rice diet was resumed and a  new blood titration  was made which again 
yielded the figure 1:3,200. 
In the  following weeks  the  symptoms of the  polyneuritis  increased steadily 
and on June 30, when a new titration  was made, it could stand on its legs only 
with difficulty.  The blood now titrated  1:3,200. 
On July 9 (2 months after the  commencement of the experiment), the hen had 
another  attack  of polyneuritis.  The blood  titration  showed  I:  3,200.  Again 
20 cc.  of yeast extract  were injected subcutaneously.  This injection had, how- 
ever, only a  brief and slight effect.  On July 11,  the hen  died. 
This  experiment  shows  distinctly  that  the  most  serious  clinical 
condition of polyneuritis  can develop without  any fall in the titer  of 
"V"  substance  in  the  blood  of  the  animal.  On  the  contrary,  this 
titer is maintained  until the death of the animal. 
Experiment 4.--Another strong and active hen was put on vltamine-free diet 
at the same time as the previous one.  The blood titer for both was the same before 
the experiment--l:3,200.  After 1 month  on vitamine-free diet  (rice)  this hen 
did not show any sign of polyneuritis and was still strong.  The titer of "V" was 
unaltered,  1:3,200.  Now the diet was changed to rice, autoclaved potatoes, and 
peas.  The autoclaving was done at 115  ° C. for 1 hour.  To add some vitamine A 
to this food a small amount of cod liver oil was given in a weak solution of peptone. 
This was administered by stomach tube once every 2nd or 3rd day. 
On this diet the hen thrived well,  did not lose weight, was always very active, 
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had any food which was not either  autoclaved or consisted of rice.  Several titra- 
tions were made during the summer and autumn of 1923, always with the same 
result;  namely, a titer of 1:3,200.  In January, 1924, the hen had been kept for 
7 months on this diet without showing any signs of polyneuritis  and on January 
20, 1924, it was put back on a diet exclusively of rice. 
Titrations of "V" showed: 
Mar. 13.  Titer I:3,200. 
Apr. 15.  "  1:3,200. 
During the last week of April the hen began to lose its appetite and did not look 
well.  On April 29, it was found lying in the cage.  It showed now a  typical pic- 
ture of polyneuritis.  The blood titrated 1:3,200.  No yeast extract was  given, 
and on the next morning the hen was found lying on the floor of its cage unable 
to raise the head.  A new titration yielded  the figure  1 : 3,200.  10 cc.  of yeast 
extract  were  given  by stomach  tube  and  10  cc.  subcutaneously.  Later  the 
fowl was  given  by garage scrapings  of fresh  potatoes  and  this  was  repeated 
the next  day.  Within 3 days the animal  seemed quite  recovered and in a  few 
days more it looked  and  behaved like a normal hen. 
This  experiment  shows  that  a  hen  living  on  autoclaved  food  for 
7  months failed  to  develop  signs  of polyneuritis,  whereas  3  months 
after a  change to a  diet exclusively of rice it showed symptoms in a 
marked form.  Neither  of these  diets had  any effect on the  titer  of 
"V" in the fowl's blood. 
The  heating  of  the  food in  this  experiment  cannot,  as  its  result 
shows, have been sufficient to destroy all of the vitamine B, but must 
have left enough of that substance to ward off polyneuritis.  The fact 
is now well known that the "V '° substance does not stand heating at 
120  °  for half an hour.  How high a  temperature  "V"  will resist  has 
not been determined.  It is therefore a  matter of interest to  ascertain 
whether  the  temperature  employed in  Experiment  4  is  sufficient  to 
destroy  the  "V."  In  Experiment  5  the  thermostability  of  "V"  is 
tested. 
Experiment 5.--Yeast extract produced after the method of ThjStta and Avery 
was autoclaved for half an hour at a temperature of 105  °, 110  °, and 115°C.  After 
having cooled down, the three specimens were added to ordinary broth in concen- 
tration of 10 per cent.  These media, as well as the controls, were inoculated with 
1 drop of a 24 hour culture of the Pfeiffer bacillus in blood broth.  The result was 
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@@ 
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No  yeast 
extract. 
This  experiment  shows that  the growth-promoting  substance  "V" 
is destroyed at 105°C.  On the other hand, Experiment 4 showed that 
food of a sort in which vitamine B is present did not lose its property 
of warding off polyneuritis after being autoclaved for 1 hour at 115°C. 
This is in  full accordance with  experiments  carried  out  by  previous 
investigators.  Thus  Holst  s  found  that  heating  of  dried  peas  and 
barley at 115°C. for 30 minutes did not destroy their antipolyneuritic 
power.  Chick and Hume  6 found that  the antipolyneuritic  power of 
yeast  extract  (containing  60  per  cent  of  water)  was  only  slightly 
diminished after heating at 122°C. for 1 hour. 
There  is  then  a  distinct  difference in  the  thermostability  of  the 
growth-promoting  substance  "V"  and  the  vitamine  B.  This  differ- 
ence points to a difference in the nature of these substances, although 
the possibility cannot be denied that the antipolyneuritic action in the 
animal  organism  and  the  growth-promoting  action  in  the  bacterial 
culture are but two functions of the same substance,  one of which is 
more heat-stable than the other.  This is, however, a mere theoretical 
consideration,  and  we  will  at  the  present  time  have  to  accept  the 
difference in  thermostability  as  an  indication  of a  difference in  the 
nature of the two substances. 
SU~M.ARY. 
It  has  been  shown  in  several  experiments  that  the  heat-labile, 
growth-promoting factor "V" found in the blood of animals does not 
diminish  or disappear when the animals  are kept on vitamine B-free 
diet.  The titer of the "V" substance present in the blood of normal 
animals  is  undiminished  in  animals  showing  severe  signs  of  poly- 
neuritis  even to the time of their  death. 
Hoist, A., J. Hyg., 1907, vii, 619. 
s Chick, H., and  Hume, E. M.,  Proc.  Roy. Sac. London,  Series B,  1917-19, 
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The antipolyneuritic factor of vegetable food,  designated as vita- 
mine B,  is  found to  be  considerably more heat-stable than is  the 
"V"  substance  concerned  in  promoting  the  growth  of  Pfeiffer's 
bacillus. 
CONCLUSIONS. 
The heat-labile,  growth-promoting factor  "V"  necessary for  the 
cultivation of the bacillus of Pfeiffer is not identical with vitamine B. 
In the blood of animals that have been fed for several weeks on a 
diet free of vitamine B, the growth-promoting factor "V" is found in 
the same strength as in animals fed upon normal diet.  Consequently 
it must be synthetized by the animal organism. 